Benzylthioenol Ether, Raney Nickel, 3-Benzylthiopregna-3,5-dien-20-one, Pregna-3,5-dien-20-one, Pregn-2-en-20-one Reaction of 3-benzylthiopregna-3,5-dien-20-one or of pregna-3,5-dien-20-one with W-2 Raney nickel in acetone afforded a mixture of 20-ketopregnanes with different degrees of insaturation on rings A and B, of which the main component was identified as pregn-2-en-20-one. When deactivated Raney nickel was used, the main product was the expected pregna-3,5-dien-20-one with minor amounts of pregn-4-en-20-one and pregn-5-en-20-one.
In 1951, Romo et al. described the preparation of pregna-3,5-dien-20-one (2) and its 17 and 21 hydroxy derivatives by elimination of the corresponding 3-benzylthioenol ethers (1) upon heating under reflux with a suspension of W-2 Raney nickel in acetone [1] . In the case of the 21-hydroxy derivative, the authors suggested the possibility of a partial hydrogenation of the diene not being able to improve the quality of the product by reduction of the reaction time. However it had been reported before the thioether elimination of 3-benzylthioandrosta-3,5-dien-17-one using W-2 Raney nickel previously deactivated by reflux in acetone [2] . When the active Raney nickel was used hydrogenation of the diene and of the 17-keto group was observed. It had also been informed that the elimination of thioenol ethers with Raney nickel was strongly dependent on the type, origin and age of the Raney nickel used [3] , although by an appropriate selection of the catalyst and of the reaction conditions it would be possible to produce the hydrogenolysis of the thioether moiety without affecting other reducible groups; rearrangements and disproportionations may occur catalysed by the metal [ 
4]-
In connection with our studies on the conformation in solution of steroid hormones [5] , we required compound 2 as well as its 17a-hydroxy derivative; however treatment of 3-benzylthiopregna-3,5-dien-20-one (1) with freshly prepared W-2 Raney nickel [6] in acetone resulted in a mixture of products containing pregn-2-en-20-one (6) as the main component together with pregn-5-en-20-one (3), pregn-4-en-20-one (4), pregn-3-en-20-one (5), pregna-3,5-dien-20-one (2), pregna-2,4-dien-20-one (8), 5 a-pregnan-20-one (9) and a monoene tentatively identified as pregn-l-en-20-one (7) (see Fig. 3 for structures).
Results
The reaction mixture obtained by refluxing 1 with W-2 Raney nickel in acetone for 4 h, was separated by preparative reversed-phase high performance liquid chromatography (RP-HPLC) in three fractions using a R-Sil C18 HL column and methanol as eluent (Fig. 1) . Fraction A was analysed by gas chromatography-mass spectrometry (GC-MS) using a 3% OV-17 column; use of the peak scanning technique for ions of m/z 300 and 298 (corresponding to the molecular ions of monoenes and dienes respectively) allowed the identification of two dienes and a monoene (Fig. 2) . The structures of the dienes were determined to be 8 and 2 by comparison of their mass spectra and the NMR spectrum of fraction A with those of authentic samples prepared by other methods [1, 7] , The monoene was tentatively assigned structure 7 based on its mass spectrum and the 'H NMR spectrum of fraction A.
Fraction B could be further separated into two fractions by preparative RP-HPLC on an Altex Ultrasphere ODS column using methanol water (95:5) as eluent. The fraction with the shorter retention time contained pregn-4-en-20-one (4) as determined from its 'H and 13 C NMR spectra. The other fraction was still a mixture but GC-MS and direct 'H and 13 C NMR analysis allowed the identification of pregn-2-en-20-one (6) as the main component plus minor amounts of compound 3 and 5. In this case, the spectral data was compared with that of a synthetic mixture of compounds 5 and 6 obtained by a different procedure [8] .
Finally fraction C was identified as 5a-pregnan-20-one (9) based on GC-MS and and
13
C NMR spectral data. Definite identification of compounds 3 and 4 was achieved by partial hydrogenation of the reaction mixture as the 4,5 and 5,6 double bonds have smaller hydrogenation rates than the 2,3 and 3,4 double bonds [9] . The hydrogenation mixture contained only compounds 3, 4, 9 and 5/3-pregnan-20-one (10) in a 2:2:20:1 ratio; it could be separated completely by RP-HPLC and the products characterized by 'H, 13 C NMR and mass spectrometry. When the hydrogenation was conduced further, only compounds 9 and 10 were obtained in a 89:11 ratio.
The same reaction mixture was obtained when the reaction time was reduced to 1 h under reflux or to 2 h at room temperature. However when W-2 Raney nickel was previously deactivated by a 1 h reflux in acetone [2] , the main product was the expected diene 2 plus pregn-4-en-20-one (4) and pregn-3-en-20-one (5) . In this case the products could be completely separated by preparative RP-HPLC and characterised by *H, 13 C NMR and mass spectrometry. Treatment of the diene 2 with W-2 Raney nickel in " j rr^n Table II , and the 13 C NMR data of compounds 2-6 and 8-10 is summarized in Table III .
Discussion
The above results definitely indicate that W-2 Raney nickel must be deactivated by reflux in acetone if the 3,5-diene (2) is the desired product. However even in this case, two monoenes (4 and 5) were formed in minor amounts (Table I) . The presence of these two compounds may be explained by considering that after hydrogenolysis of the 3-benzylthio group a hydrogenation at position 6 of the steroid takes place with formation of a jr-enyl nickel complex by a mechanism similar to that taking place in the synthesis of ;r-enyl Pd complexes from conjugated dienes [10] . This jr-enyl Ni complex (probably unstable) may be attacked by a second hydrogen atom at positions 3 or 5 rendering compounds 4 and 5, respectively. The fact that a 5,6-ene was not pro- duced by the action of deactivated Raney nickel would indicate that the ^:-enyl Ni complex formed involves carbons 3, 4 and 5 and that the formation of a similar complex on carbons 4, 5 and 6 by hydrogenation at C-3 is not favored under these conditions. (See the reaction paths marked with stars in Fig. 3 .) The presence of pregn-2-en-20-one (6) as the main product when the reaction was carried out with fresh W-2 Raney nickel as well as a minor amount of pregna-2,4-dien-20-one (8) is only possible by a rearrangement process. The formation of the 2 possible Tr-enyl Ni complexes from diene 2, due to the higher hydrogenation activity of fresh W-2 Raney nickel, would explain the formation of compound 3. The 2,3-ene compound (6) would originate through an isomerization reaction [11] starting from the 3,4-ene (5) by a reversible abstraction of a hydrogen atom from C-2 and formation of a jr-enyl Ni complex involving carbons 2, 3 and 4. The reversible attack of a hydrogen atom at C-4 would render 6 in a proportion determined by the relative thermodynamic stabilities of compounds 5 and 6. If this process is repeated starting from 6, the result would be the formation of pregn-l-en-20-one (7). The formation of 4,6-diene-3-keto steroids from 4-ene-3-keto steroids has been reported using a jr-enyl Pd complex [12] ; in a similar way, dehydrogenation at C-2 or C-5 of the ;r-enyl Ni complexes involving carbons 3, 4 and 5 or 2, 3 and 4 respectively would render pregna-2,4-dien-20-one (8) . The hydrogenation-dehydrogenation of the jr-enyl Ni complexes could occur in a concerted manner where the a-H of one complex would attack another complex rendering a diene and a monoene [13] .
The results obtained upon treatment of pregna-3,5-dien-20-one (2) with W-2 Raney nickel (Table I) confirm the generally accepted fact that the first step is the elimination of the benzylthio group, the hydrogenation processes taking place at a later stage. The reaction paths described above are depicted in Fig. 3 ; the steps that may be mediated by deactivated Raney nickel are also indicated. The differences between fresh and deactivated W-2 Raney nickel may be summarized as follows: fresh Raney nickel would be far more active as to its hydrogenation capacity and hence less specific in the formation of jr-enyl Ni complexes; it would also isomerize double bonds by abstraction of an allylic hydrogen atom yielding new jr-enyl Ni complexes and thus giving rise to com-// \\ // w \\ v/ 9 5aH 10 5ßH Fig. 3 . Proposed reaction paths for the formation of compounds 2-8 upon treatment of 3-benzylthiopregna-3,5-dien-20-one (1) with W-2 Raney nickel. Deactivated Raney nickel would only promote reactions paths labelled with *. pounds 6 and 7 and allowing the equilibration of the different monoenes according to their relative stabilities; fresh Raney nickel would be able to abstract an a-H from a 7r-enyl Ni complex yielding the dienes 2 and 8, in this case the eliminated hydrogen atom could be transferred to another 7r-enyl Ni complex rendering a monoene. Deactivated Raney nickel would not be able to carry out processes that involve the abstraction of a hydrogen atom.
Experimental
General Mps are uncorrected. 'H and 13 C FT NMR were registered in CDC1 3 at 100 and 25.2 MHz respectively in a Varian XL-100-15 NMR spectrometer; chemical shifts are in ppm downfield from TMS. Mass spectra were measured at 70 eV by direct inlet. Analyses by gas chromatography-mass spectrometry were carried out in a Varian Mat CH7-A spectrometer coupled to a Varian 1440 gas Chromatograph using a 3% OV-17 GCQ glass column (1.8 m x 2 mm I.D., column temperature programmed from 170 °C to 290 °C at 4°/min) and interfaced to a Varian Mat Data System 166.
Preparative HPLC separations were performed with a Micromeritics liquid Chromatograph equipped with a 750 solvent delivery system, a 730 manual injector with a 1 ml loop and a refractive index detector, on an Alltech R-Sil C18 HL 10 ^m column (500 x 10 mm I.D.) or on an Altex Ultrasphere ODS 5 pm column (250 x 10 mm I.D.) using methanol at a flow rate of 8 ml/min or methanolwater (95:5) at a flow rate of 4 ml/min respectively as eluents.
3-Benzylthiopregna-3,5-dien-20-one (1) was prepared from pregn-4-ene-3,20-dione [1] ; pregna-3,5-dien-20-one (2) was obtained by dehydration of 3/?-hydroxypregn-5-en-20-one with phosphorus pentoxide in benzene [1] ; pregna-2,4-dien-20-one (8) was prepared by dehydration of 3/3-hydroxypregn-5-en-20-one with neutral alumina at 200 °C and 1 torr [7] and purified by preparative RP-HPLC; a mixture of pregn-2-en-20-one (6) and pregn-3-en-20-one (5) was synthesized from 3/3-tosiloxypregnan-20-one by refluxing in y-collidine [8] . All compounds synthesized had mps and spectral data (MS, *H and 13 C NMR) in accordance with their structures. W-2 Raney nickel was prepared by the method of Mozingo [6] and kept under absolute ethanol; it was used as a suspension in ethanol (0.6 g of Raney nickel/ml).
Reaction of steroids with W-2 Raney nickel.
General procedure 3-Benzylthiopregna-3,5-dien-20-one (110 mg) was dissolved in acetone (11 ml) and W-2 Raney nickel added (1.1 g). The reaction mixture was heated under reflux for 1-4 h or stirred at room temperature for 2 h, and filtered. Evaporation of the solvent afforded the mixture of products (72 mg) that was separated by preparative HPLC in three fractions using a R-Sil C18 HL column. Fraction A (RT: 9.5 min, 5 mg) was analysed by GC-MS and presented three peaks (see Fig. 2 ): pregn-l-en-20-one When the above reaction was carried out with pregna-3,5-dien-20-one (2), the products mixture resulted identical to the one described.
Reaction of 3-benzylthiopregna-3,5-dien-20-one (1) with deactivated W-2 Raney nickel W-2 Raney nickel (1.1 g) was suspended in acetone (11 ml) and heated under reflux for 1 h. Compound 1 was added (110 mg) and the heating continued for 4 h. Workup as above afforded a mixture of products
